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Suspension culturesAbstract Cell cultures of Psoralea corylifolia L. were established from the leaf disk derived callus.
The effect of different biotic elicitors prepared from the fungal extract (Aspergillus niger and
Penicillium notatum), yeast extract and chitosan with different concentrations was studied. The
increased synthesis of psoralen in 16-day old cell cultures under 16 h of light and 8 h of dark period
was studied. Elicitation of psoralen in A. niger elicitor treated cells was found 9-fold higher over
control cells. Treating the cells with P. notatum, yeast extract and chitosan elicitors lead to four
to seven-fold higher psoralen accumulation over control cells. The extract of A. niger at 1.0% v/v
increased the signiﬁcant accumulation of psoralen (9850 lg/g DCW) in the cultured cells. Our study
clearly shows that all the elicitors had the potential to increase the accumulation of psoralen but the
A. niger elicitor at 1.0% v/v induced maximum accumulation.
ª 2014 Production and hosting by Elsevier B.V. on behalf of King Saud University.1. Introduction
Plants are the prime source of medicinally important com-
pounds. Many plant products are used as pharmaceuticals,
pigments, herbicides, etc. Plant cell culture has been used for
the production of various valuable phytochemicals. Psoralea
corylifolia L. is an important medicinal plant found in the
tropical and subtropical regions of the world. It synthesizesdiverse phenylpropanoids such as furanocoumarins, isoﬂavo-
noids etc. (Boardley et al., 1986). Psoralen is the furanocoum-
arin and commercially important for having broad range of
pharmacological activities such as photosensitizing, photobio-
logical and phototherapeutic properties (Frank et al., 1998).
Psoralen has been used for the photochemotherapy of vitiligo
and skin diseases such as psoriasis, mycosis fungoides and ec-
zema (Khushboo et al., 2010; Ozkan et al., 2012). It also shows
antitumor (Szliszka et al., 2011), antibacterial (Chanda et al.,
2011) and antifungal properties (Srinivasan and Sarada,
2012). Plant cell culture offers uniform secondary product syn-
thesis by overcoming the effect of unforeseen climatic condi-
tions and diseases in ﬁeld grown plants. Elicitors are one of
the important factors that can act as a switch for increasing
the yield of secondary metabolites of useful bioactive com-
pounds in plant cell cultures (Gaid et al., 2011; Wiktorowska
et al., 2010 and Karwasara et al., 2010). Most of the elicitors
used in earlier studies originated from fungal (Karwasara
500 S.A. Ahmed, M.M.V. Baiget al., 2011 and Taha et al., 2012), bacterial (Seung-Mi Kang
et al., 2009) and yeast cell extracts (Kundu et al., 2012 and
Sun et al., 2012) or their puriﬁed fraction. In addition some
abiotic stress agents like heavy metals, UV light, osmotic stress
and pH are also known to increase secondary metabolite accu-
mulation in cultured cells. However, there is no way to predict
that an elicitor will be effective in a speciﬁc cell system on
metabolite accumulation. The main aim of the present work
was to study the effect of different elicitors prepared from
fungi (Aspergillus niger and Penicillium notatum), yeast and
chitosan on psoralen accumulation in cultured cells of
P. corylifolia.2. Materials and methods
2.1. Plant material
P. corylifolia L., plants were grown in the greenhouse of
botanical garden of Yeshwant Mahavidyalaya, Nanded and
were used for experimental purpose. Young leaves from
3 month-old plants were washed thoroughly under running
tap water for 10 min and surface sterilized with 0.1 % (w/v)
aqueous HgCl2 solution for 2 min. Finally the leaves were
washed 4–5 times with sterile distilled water to remove any
traces of HgCl2.
2.2. Culture media
The explants were cut into circles of 1 cm diameter, then were
transferred on ready-made (Murashige and Skoog, 1962) basal
medium (Himedia, Mumbai) supplemented with 1 mg 2,4-di-
chloro phenoxy acetic acid (2,4-D) l1, 0.5 mg naphthalene
acetic acid (NAA) l1, 1.5 mg benzylaminopurine (BAP) l1
(Sigma–Aldrich, USA), and 3% w/v sucrose. The medium
was solidiﬁed with 0.8% agar (Himedia, Mumbai) and the
pH of media was adjusted to 5.8 using 0.1 N NaOH or HCl be-
fore autoclaving. Twenty ml media was dispensed in each
1.25 · 15 cm test tubes (Borosil) plugged with nonabsorbent
cotton wrapped with muslin cloth. The test tubes containing
medium were autoclaved at 1.06 kg cm2 at 121 C under
15 lbs/sq. ft. pressure for about 20 min.
2.3. Maintenance of culture
The cultures were maintained under ﬂuorescent light with 16 h
photoperiod (40 lE m2 S1) by cool daylight ﬂuorescent
incandescent tubes (40 W, Philips, Kolkata) at 25 ± 2 C. Cal-
lus cultures thus raised were transferred to fresh medium once
in every 3 weeks.
2.4. Cell suspension cultures
Suspension cultures were initiated using 6 g callus as inoculum
in a 250 ml conical ﬂask containing 100 ml of the modiﬁed
MS medium without agar. The cultures were shaken on a rotary
shaker at 120 rpm. The pH of the medium was adjusted to 5.8
by 0.1 N NaOH/HCl before autoclaving. Culture medium was
autoclaved at 121 C under 15 lbs/sq. ft. pressure for 20 min.The cells were collected on the 16th day by ﬁltration and
blotted with ﬁlter paper to remove excess water and fresh
weight was determined. Dry weight (with 10% moisture)
was determined after drying the cells at 60 C until a constant
weight was obtained. All experiments were carried out in
250 ml Erlenmeyer ﬂasks containing 100 ml growth medium
inoculated with 10 ml cell suspension (16-day old cultures).
2.5. Fungal elicitor preparation
Elicitors were prepared from cultures of A. niger (NCIM
No.621) and P. notatatum (NCIM No.757) received from the
National Collection of Industrial Microorganisms (NCIM),
National Chemical Laboratory, Pune, India. The fungal ﬁla-
ments were grown in 1000 ml conical ﬂasks containing
250 ml of potato dextrose broth for 10 days at room tempera-
ture. Fully grown mycelia with spores were homogenized and
centrifuged at 4000 rpm and the supernatants were autoclaved
for 20 min at 121 C and used as elicitors (Kim et al., 2011).
2.6. Yeast elicitor
Ten grams of yeast extract was dissolved in 100 ml of double
distilled water and ethanol was added up to 80% (v/v) and
was kept at 4 C for 3 days for precipitation. The supernatant
was decanted and the precipitate was redissolved in 100 ml
double distilled water then autoclaved and was used as elicitor
(Diwan and Malpathak, 2011).
2.7. Chitosan
Chitosan, a well-known elicitor for plant cell cultures
(Santamaria et al., 2011) was also used to study psoralen accu-
mulation. The stock solution was prepared by dissolving 1 g of
crab shell chitosan (Sigma Chemical Company, USA) in 2 ml
of glacial acetic acid by adding it drop wise. The ﬁnal volume
was made up to 100 ml by adding double distilled water. The
pH of the solution was adjusted to 5.7 with NaOH or HCl
before autoclaving (Malerba et al., 2012).
2.8. Elicitation method
The cell cultures of P. corylifolia L. were grown in 250 ml
Erlenmeyer ﬂasks having 100 ml of growth medium. Different
concentrations of elicitor viz. extract of A. niger, P. notatum,
yeast (0.5–3 % v/v) and chitosan (25–300 mg/l) were added
on the 16th day to the cultures. Since the stationary phase
was found from 16th to 24th day of growth. The elicitors were
added during the stationary phase of growth and the cultures
were incubated. The optimization of higher psoralen accumu-
lation in cultures varied from 12 h to 96 h incubation and stan-
dardized their concentration for maximum metabolite
accumulation. After harvesting the cultures, media and cells
were separated and the fresh and dry weight was determined
after blotting the cells with ﬁlter paper to remove excess of
water. Dry weight was determined after drying the cells at
60 C in a hot air oven until a constant weight was obtained.
Psoralen was extracted from both spent media and cells sepa-
rately and analyzed by HPLC. The biomass was expressed in
grams Dry Cell Weight per liter (g DCW/l) and the product
Figure 1 HPLC chromatogram showing standard psoralen (top
ﬁgure) with the chromatogram showing the presence of psoralen
(bottom ﬁgure) in cell culture extract of Psoralea corylifolia L.
Biotic elicitor enhanced production of psoralen 501in microgram/gram Dry Cell Weight (lg/g DCW) (Kim et al.,
2011).
2.9. Extraction of psoralen from cells grown in suspension
cultures
Extraction and determination of the content of psoralen from
cells grown in suspension cultures was carried out. All the sol-
vents used were of HPLC grade and the steps involved in the
extraction procedure were as follows:
Cells grown in suspension cultures were separated from the
liquid nutrient medium after every treatment from identical
replicate ﬂasks, by centrifuging them at 7000–8000 rpm
(Eppendorf Centifuge 5804R), at 16 C. The cells were blotted
dry on ﬁlter papers and dried in oven at 60 C, till constant
weight was obtained. The dried tissues were ground with liquid
nitrogen in a pre-cooled mortar and pestle. Then the tissue was
extracted overnight in methanol (10 times w/v) on a rotary
shaker at 25 C and 100 rpm. The procedure was repeated
three times and the methanolic extracts were pooled together.
The extracts were ﬁltered through the Whatman No. 1 ﬁlter
paper and dried in the Rotavapor R210/R215 (Buchi, Switzer-
land). The residue was redissolved in chloroform:water (1:1 v/
v) and then centrifuged at 7000–8000 rpm, at 16 C to separate
the layers of chloroform and water. The lower chloroform
layer was collected and the upper layer of water was discarded.
The layer at the interphase was re-extracted with chloroform
and again the chloroform layer was collected. The chloroform
fractions from both the separations were combined and dried
in the Rotavapor R210/R215 (Buchi, Switzerland). The resi-
due was redissolved in 1 ml of methanol and was ﬁltered
through 0.2–0.4 lM nylon ﬁlters before analysis by HPLC.
Twenty microliter of extract suspended in methanol, from each
cell line, was analyzed by HPLC. The standards were also dis-
solved in methanol at strength of 0.5 mg/l and 20 ll was used
for HPLC analysis (Catapan et al., 2009).
2.10. Extraction of spent medium (without cells) from
suspension cultures
All the solvents used during extraction were of HPLC grade
and the extraction procedure involved the following steps:
Cells grown in suspension cultures were separated from the
liquid nutrient medium from identical replicate ﬂasks. The cells
were separated on 16th day at 8000 rpm at 16 C. The spent
medium was extracted overnight with equal volumes (v/v) of
chloroform on a rotary shaker at 100 rpm and 25 C. Two lay-
ers of chloroform and water from the medium were formed.
The extraction was repeated for 3 days and the chloroform ex-
tract fractions were combined. The layers were separated by
centrifuging them at 8000 rpm at 16 C. The chloroform frac-
tion was dried in the Rotavapor R210/R215 (Buchi, Switzer-
land) as described earlier. The residue was resuspended in
1 ml of methanol, ﬁltered through 0.2–0.4 lM nylon ﬁlters be-
fore analysis by HPLC. Twenty microliter of extract from each
type of medium was analyzed by HPLC (Catapan et al., 2009).
2.11. HPLC analysis
Psoralen content in independent samples was determined by
using HPLC two Agilent1120 compact LC with single binarypump; variable wavelength detector (G1313A) and the column
used was Eclipse C18 (250 · 4.6 mm, 5 lm). The ﬂow rate was
0.5 ml/min and the elution was monitored with a detection
wavelength of 250 nm with the Ezchrome elite compact com-
pliance software for data processing. The mobile phase was
methanol:water (80:20) with 0.1% triﬂouro acetic acid and
the peak area was calculated by comparing with a standard
samples purchased from the Sigma Aldrich, USA (Fig. 1).
2.12. Sampling and statistical analyses
All the experiments were conducted in a completely random-
ized design with four replicates. The data was subjected to sta-
tistical analyses following standard procedures.
3. Results
Cell suspension culture has been effectively utilized commer-
cially for production of secondary metabolites. In recent years,
use of plant cell cultures is viewed as an alternative to tradi-
tional agriculture for industrial production of secondary plant
metabolites. In the present study, the work was undertaken to
explore relationship among cell elicitor concentration, time for
induction of secondary metabolite and age of cell culture for
optimization of secondary metabolite accumulation.
3.1. Elicitor dose
All the elicitors were screened for various dose concentrations
(0.5–3.0% v/v) to optimize for high quantity of psoralen accu-
mulation. From Figs. 2 and 3, it is clear that all the elicitors
prepared from fungal cell extract, yeast extract and chitosan
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Figure 2 Effect of different elicitors added to 16 day old cell suspension culture of Psoralea corylifolia L. incubated for 48 h under 16 h
of light and 8 h of dark period on the production psoralen (lg/g DCW – Dry Cell Weight).
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Figure 3 Effect of chitosan added to 16 day old cell suspension
cultures of Psoralea corylifolia L. incubated for 48 h under 16 h of
light and 8 h of dark period on the production of psoralen (lg/g
DCW – Dry Cell Weight).
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the control cultures (945 lg/g DCW). The best dose of the elic-
itors with maximum accumulation of psoralen was used in fur-
ther experiments. Addition of A. niger elicitor to the cultured
cells of P. corylifolia L. increased the psoralen accumulation
up to 1.0% v/v concentration. The psoralen production de-
creased beyond this concentration level of elicitor. Maximum
accumulation of psoralen (8634 lg/g DCW) was observed at
1.0% v/v dose with an eight-fold increase over control cells
(945 lg/g DCW). The elicitor prepared from P. notatum
showed the maximum psoralen accumulation (7124 lg/g
DCW) with increase in concentration up to 1.5% v/v. The in-
crease in concentration of yeast extract elicitor up to 1.5% v/v
increased the psoralen accumulation (3870 lg/g DCW). The
increase in elicitor dose level up to 3.0% v/v led to decline in
the psoralen accumulation. The cells treated with different
concentrations of chitosan (Fig. 3) (25–300 mg/l) showedmaximum (7982 lg/g DCW) psoralen accumulation at
125 mg/l. All the elicitors used in the present study induced
higher quantity of psoralen in the culture cells over control.
The highest quantity of psoralen was recorded with elicitor
of A. niger.
3.2. Culture age
The dose of the elicitors optimized for maximum accumulation
of psoralen was used in further experiments. Fig. 4 shows the
relation between culture age and the effect of elicitation on
psoralen accumulation. The cell cultures of different age were
treated with all the elicitors used separately in the study. The
addition of A. niger elicitor to the cultured cells of P. corylifolia
L. increased the psoralen accumulation. The maximum increase
in psoralen accumulation was recorded in 20 days old culture
and it decreased with increase in age of the culture thereafter.
The accumulation of psoralen increased with increase in age
of cell culture up to 16 days and thereafter the increase was
inconsistent. Similar results were recorded with all the three
elicitors used in this study. The cultures in the early stationary
phase of growth responded with higher amount of accumula-
tion. The optimum age of the culture for elicitation was 16–
24 day and quantity of psoralen in the cells declined thereafter.
3.3. Incubation time
The effect of incubation time with elicitors is shown in the
Fig. 5. The effect of accumulation time of psoralen in P. coryli-
folia L. cultures varied from 12 to 96 h. The optimum incuba-
tion time for psoralen induction with A. niger and yeast was
found to be 72 h. and there was a steep decline in quantity
of psoralen after 72 h. Chitosan and P. notatum treated cells
showed the maximum psoralen accumulation in 48 h and de-
creased thereafter.
In this study, the highest amount of psoralen was obtained
(9850 lg/g DCW) in the cells treated with A. niger elicitor. The
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accumulation of psoralen was 16–24 days. The optimum incu-
bation time for psoralen accumulation with all the elicitors was
between 48 and 72 h.
4. Discussion
Plant cell culture offers an alternative way for the production
of various phytochemicals in vitro. In the present study, it isobserved that the secondary metabolite production is highly
inﬂuenced with the addition of biotic elicitors. Fungal elicita-
tion has been a prominent inducer of secondary metabolism.
Our experimental results have shown that the accumulation
of psoralen in the suspension cultures can be stimulated by
biotic elicitors. Therefore, elicitation offers an attractive strat-
egy for increasing the metabolite production in vitro culture
system signiﬁcantly (Goel et al., 2011). The stimulation of
psoralen accumulation by biotic elicitors such as A. niger, P.
notatum, yeast extract and chitosan has also been observed
in the cell cultures of plant species viz. Calendula ofﬁcinalis
(Wiktorowska et al., 2010), Sorbus aucuparia (Gaid et al.,
2011) and Abrus precatorius (Karwasara et al., 2010, 2011).
The cell wall extract preparation of A. niger possessed an oli-
gosaccharide elicitor that induced high level of shikonin
(Wen and Ri-qiang, 1996.) Another signiﬁcant effect of the
elicitors observed in the experiments was the rapid increase
in psoralen accumulation with elicitor dosage, further increase
led to decrease in the psoralen content in cell suspension cul-
tures (Seung-Mi et al., 2009 and Kundu et al., 2012). Thus,
the accumulation of psoralen is a dose elicitor dependent
response of P. corylifolia L. cell cultures. Similar results were
reported in taxol and ajmalicine production (Yari Khosrou-
shahi et al., 2006 and Namdeo et al., 2002). The growth and
accumulation of secondary metabolites were inﬂuenced by
the type and mode of elicitor preparation (Karwasara et al.,
2011) and this was observed in the present study also.
The physiological state of the cells at the moment of trans-
fer from growth to production medium is crucial (Schaltmann
et al., 1995). The optimum age of the culture for elicitation is
different in different plant cell systems (Seung-Mi et al., 2009).
In most of the cases, response of the cells was maximum if they
were challenged at the end of the growth phase or at the onset
of the stationary phase (Yari Khosroushahi et al., 2006). On
the contrary, taxol and baccatin were produced during the ini-
tial stationary phase of growth in Taxus baccata cell cultures
(Barradas-Dermitz et al., 2010). The response to elicitation is
dependent on growth phase of the culture that affects the
quantitative response as well as the product pattern
(Va´zquez-Flota et al., 2009). The amount of metabolite
production varied with duration time of incubation with
elicitors (Karwasara et al., 2010).
The optimum time of elicitor treatment is very essential to
produce the secondary metabolites on a large scale. Therefore,
the time required for triggering the elicitation in 16 days older
culture in all the elicitors was studied and was up to 96 h. The
results show that the amount of metabolite production varied
with the duration of incubation time with elicitors. This result
indicates that the duration of cell cultured with elicitors is
much important for the maximum psoralen accumulation.
An important factor for enhancing the psoralen production
was the stage of cell growth for elicitor treatment (Catapan
et al., 2009). It is believed that the stronger stimulation of sec-
ondary metabolites by biotic elicitor usually occurred in the
late exponential growth stage of plant cell culture (Namdeo
et al., 2002 and Schaltmann et al., 1995). However, the resve-
ratrol and viniferins production in Vitis vinifera cells were trea-
ted with elicitor during the early stage of growth (Santamaria
et al., 2011). The high availability of the nutrient in the med-
ium or cells can be used for secondary metabolites biosynthesis
(Sun et al., 2012). Thus, it is best to produce large amounts of
biomass under rapid growth conditions and then transfer the
504 S.A. Ahmed, M.M.V. Baigaccumulated biomass to the second stage of culture to promote
secondary metabolite production (Schaltmann et al., 1995).
5. Conclusion
The results of this study show that the biotic elicitors inﬂu-
enced the accumulation of psoralen in the cultured cells. The
present result exhibited that the cell cultures treated with all
the elicitors showed maximum accumulation of psoralen over
the control cell. However, the extract of A. niger (1.0% v/v)
was found to be the best for maximum metabolite elicitation.
Therefore, these results may contribute to the enhancement
of psoralen production by using different biotic elicitors in cell
suspension cultures.
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